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ABSTRACT 

On June 19一21, 1985 a retreat was held at the CSU Mountain Campus of 

Pingree Park for students and faculty involved with current research projects. 

The following is a compilation of attendees, presentations, and summary reports 

of the small group sessions. 
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1985 Research Retreat 
Pingree Park 

June 19一 22, 1985 

Agenda 
''· - H 

Hednesday, June 1 9, 1 985 
' '"''''"''"''· • ·'''· 

..... mmmmm ..... ppppp 000OO 030OO :··:··: 3h678 
Depart Ft. Collins (From Atmospheric Science Building) 

Check-in at Main Conference Center - Hotchkiss Lodge 

Dinner 

9:00 p.m. 

Open/Recreation 

Large Group Session L1 
(prefaced by 15-minute organizational session 
with Pingree Staff) 一 Hotchkiss Lodge Lounge 

R. Pielke, Chairperson: "Applications of Near-Real 
Time Modeling with Supercompute「" ( 25 minutes) 

R. Green: "Use of Micro-computers in Pre-STORM 
Field Studies - 1985" (20 minutes) 

Adjourn 

T~ursday, June 20, 1 985 
·,''"'- • ·, • ·''' 

7: 00 a.m. 

8:00 a.m. 

10:30 a.m. 

Breakfast 

Large Group Session L2 一 Hotchkiss Lodge Lounge 

T. Brubaker, Chairperson: "New Concepts in 
Microprocessors" (20 minutes) 

N. Allen: "New Satellites EIS & LAN" (20 minutes) 

M. Wetzel: "Theory and Observations of Spectral 
Radiance for Cloud Studies" (20 minutes) 

G. Campbell/D. Randel: "El Nino Discovered in 
Radiation Budget Measurements" (20 minutes) 

Open/Recreation/Lunch 
Cafeteria Lunch Noon - 1:00 p.m. 
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1:30 p.m. 

3.30 p.m. 

4:30 p.m. 

6:00 p.m. 

Small Groups Session S1 

"Computer Systems for -Research" 
{Location: Lounge N. Allen's cabin) 

Leader: N. Allen 
Recorder: D. Lubich 

T. Brubaker 
G. Burton 
W. Davis 
R. Green 
D. Randel 
M. Wetzel 

町IAS"

(Location: Lounge A. Lipton's cabin) 

Leader: A. Lipton 
Recorder: P. Laybe 

」 .Behunek

V. Bringi 
D. Hillger 
J. Purdom 
E. Steiner 

"Atmospheric Modeling" 
(Location: Lounge R. Pielke's cabin) 

Leader: R. Pielke 
Recorder: L. Smith 

Open 

D. Abbs 
G. Campbell 
H-C. Kuo 
C-F. Shih 

Large Group Session L3 - Hotchkiss Lodge Lounge 

T. Vonder Haar, Chairperson: 

D. Hillger: "Satellite Sounding Near Severe Storms" 
(20 minutes) 

J. Purdom: "Mesoscale Forecasting Research" (25 - minutes) 

Dinner and Open 

一 3-



7:30 p.m. Informal Large Group ~ession L4 一 Hotchkiss Lodge Lounge 

T. Vonder Haar, Chairperson 

Reports from all Small Group Chairmen on items they 
are/will be addressing (5 minutes each) 

[r_i_day, June 21, 1985 
T,,,,,· • ·" • ·,,，一，．＇

7:00 a.m. 

8:00 a.m. 

10:30 a.m. 

1 : 30 p. m. 

Breakfast 

Small Groups Presentations S2 

Open/Recreation/Lunch 
Cafeteria lunch Noon - 1:00 p.m. 

Small Group Session S3 

"Shortrange Forecasting Including Severe Storms" 
(Location: Lounge in J. Purdom's cabin) 

Leader: J. Purdom 
Recorder: J. Behunek 

D. Abbs 
T. Brubaker 
G. Burton 
R. Green 
D. Lubich 
R. Pielke 

"Climate Studies" 
(Location: Lounge in D. Handel's cabin) 

Leader: D. Randel 
Recorder: C-F. Shih 

G. Campbell 
W. Davis 
P. Laybe 
L. Smith 
E. Steiner 

"Radiation Theory and Observations" 
(Location: Lounge of M. Wetzel's cabin) 

Leader: M. Wetzel 
Recorder: H-C. Kuo 

D. Hillger 
A. Lipton 

3:30 p.m. Open 
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4:30 p.m. 

6:00 p.m. 

Large Group Session L5 Wrap-up session and summary reports; 
Action items (Classroom) 

Steak Cookout 

Saturday, June 22, 1985 
一"'',,,,,,,-

7:00 a.m. Breakfast 

NOTE: The small group sessions are purposefully small to enhance discussion and 
participation. Since all, other than the leaders and recorders, are encouraged 
to meet with two small groups, it is important that scheduled meeting times and 
locations not be rearranged. 

` ` ` 
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CIRA 

D. Abbs, Visiting Fellow 
N. Allen, Research Associate 
G. Burton, Research Associate 
G. Campbell, Visiting Scientist 
W. Davis, Research Associate 
D. Hillger, Visiting Fellow 
D. Lubich, Research Associate 
T. Vonder Haar, Director 

CSU 

J. Behunek, Research Associate 
T. Brubaker, Electrical Engineering 
P. Laybe, Research Associate 

ATTENDEES 

R. Pielke, Atmospheric Science (Deputy Director, CIRA) 

NOAA/NESDIS/RAMM Branch -
R. Green, Meteorologist/CIRA Research Associate 
J. Purdom, Branch Chief /CIRA Fellow 

Students -
H-C. Kuo 
A. Lipton 
D. Randel 
C-F. Shih 
L. Smith 
M. Wetzel 

旦 (Cooperative Institute for Research in Environmental Sciences) 

E. Steiner 

Staff 

R. Garcia, Department Manager 
B. Schwinger 
J. Williams 
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PRESENTATIONS 

"Applications of Near-Real Time Modeling With Supercomputer" 
R. Pielke 

"Use of Micro-computers in Pre-STORM Field Studies - 1985" 
R. Green 

"New Concepts in Microprocesso「s"
T. Brubaker 

"New Satellites EIS & LAN" 
N. Allen 

"Theory and Observations of Spectral Radiance for Cloud Studies" 
M. Wetzel 

"El Nino Discovered in Radiation Budget Measurements" 
G. Campbell/D. Randel 

"Satellite Sounding Near Severe Storms" 
D. Hillger 

"Mesoscale Forecasting Research" 
J. Purdom 
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R. Pielke 

"Applications of Near-Real Time Modeling With Supercomputer" 
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used to define the bottom boundaries for ■odel runs 
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囑m'^ ÙEIT, • `` 

.̂  

0- c;:::> ~ - <::> 

` 
(·) (b) 

．鼴· `'．．'．C.＇11DI'`..U薑C,．曰 I·)． .C:
鷉1UL 囑LICl'T"r. ｀毗．

' ̂ 。

·."．＇量15.~IC 鸝嶋 IS .1'111(C r1卹 1驢··`
．瀆'k.~ `LICI', 1U``~ 

.i 
.
｀
．
；
凶

k 

c. 

丶
．, . . 

、

) c \ 

.` 

` 
· 
.`
D 

. 

丶
.' 
',
. 

．丶．

- - 

.| 

Jc 

(c5 (d) 



u.,````＇，吡血·n "m``.....`` ``L 

4 

• i,`｀旦鸕T..,.,c.＇..,,｀ `．富｀｀ ＂卹 ISO. 鸕C

`-` "'`L 

(·) (b) 

I,`'aS5"^'C UUIS `．．U`｀'－....上

`` ```L 

肩 z "'U湣｀｀IC.."Cl I' 

`` `` L̀ 

c ` , ,, 丶' 
、

5

',

[.B 
, 

. 
` 

` 

(c) (d) 



• 11., 血n.MC."口 1` ...v·` ＂．胃五．璽｀
``'"·L``` 

` 

,,',',, -̀n·I 

< 

`` 
] 

.,..， CIIST.圧'c.."重 IS 4.a心tm., ｀｀巳
比亀｀LICI" IU` 

e 
(c) 

膚• 14.J cusy_,.1c 111N> 1s ｀｀＇王C,．日 2`· 羣C
m慣亀鼴ICIn IUm 

,` - >`.; .. '. ., . 嶋 . ,.. ., 

` 

(b) 

·Ul ·罈．｀ cus.....,c 鱸"°'``万`｀ "., ̀ ` II(C 
`mIOI. 囑．：＂＇．｀霞L

尸
`.` ；丶．丶｀．

丶
丶

丶．

(d) 



•• u., ｀己1.ICUI0IS 暹．，｀C ，....``DEC`,. ``` 

0O~ .. o. 
. 

o! 
。

(·) (b) 

.` s̀,` d` ̀  `'``:,` ̀ ` II(C 

`'`` 

-「三．

, Z "'Cl.sn·、IC 叫鱸 IS '霨v-:.cc'"'" 225. ll[C 

`-` "``l 

｀．瑱．， 驢瓚~IC.＇鱸 IS`-..``` ~.~c,.. 225. 鼴C

(c) (d) 



邙JECTlV£ 丘正T磾INATION OF DAILY PATTERNS 

'｀＝血 10
．虞氏 I 10 2 

l 
丶丶丶丶` 丶丶 丶 丶丶丶 ` 丶丶- 

二i

FIRST PR I NC I PM.. CCJ.1PCJ~Errr OF THE M[沢 DATA



D.: [I:TE睏INATION OF DAILY PATTERNS 

'tcnu: 11 

MDR .PC2 X 102 

二

。

凍

SECOND PRINCIPAL COVIPONENT OF THE MOR DATA 



Table 4.4. Correlation coefficients and significance froa a bivariate 
regrmsioD ·m1ysi. corre1·ting 丑辶麼．rcenE 。

^L - ^ - -^ L -.. -. • - - - - - 
• Populations used 

for the regre量量ions were subdivided into four categories: 
(1) only undisturbed days, (2) all days including 
disturbed days, (3) light wind undisturbed days (V_ ~ 3.5 g 
■/s), and (4) strong wind undisturbed days (V_ > 3.5 ■/s). g 
Asterisk冨 indicate significance at the.05 level or less. 
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Table 1. SY.OOJ)tic cl.assification scheme (from Pielke, 1982;"'odified 
froe L; ndseyl). 
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iì

e
,I
ir
 

!ì
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Figure 2. Exuple . of a surface analysis chart (for January 9, 1964) 
`howing t這 mlic矗tion of the synoptic cli11atological 町odel
for the fj__v_! 5Lfi9~t:i.~ .. ~l_asses listed in Table 1 (reproduced 
园的E,` 益． ．． 一·



• Relation between large scale enviroment and percent coverage of deep 
cumulus convection (+ .. ;,,tr ~ f•c.o ,,4Ummr)) 

' 1)aagnitude of convective ;nstabiHty: !le e 

;;) depth of convective instabiHty: llp 

奇 iii) magnitude of aoisture deficiency: 

iv) lifted index at 500 mb 

v) 200 Iii> wind speed 

vi) surface geostro的ic wi.nd speed and direction 

• synoptic categorization scheme 

i) b>y synoptic class 
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• Relation between deep convection and antecedent deep convection 

i) S al 1 clouds over land at 0800 EST 

ii) I deep convection over land at 0800 EST 

~iii) I deep coovectioo over land at 1000 EST 

~ iv) % Clleep c~vection over 四ter at 0800 EST 

• Patterning of deep convection for each class 

i) satellite composite imagery 

ii) mesoscale model simulations 

mass convergence i jn 1呎er troposphere 

moisture deficit in lower troposphere 
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Use of a Personal Computer Workstation 

for Short Range Forecasting 

•PRE-STORM• 

Objectives: 

1. To evaluate the feasibility and 

utility of using a Personal Computer as an 

operational meteorological workstation. 

2. To assess the usefulness of VAS 

retrieval information in forecasting MCS's. 



Personal Computer Workstation 

Hardware Configuration 

• IBM PC/XT with 8087 Math Processor 

• 640K RAM Memory 

• 10 Meg Hard Disk 

• Twin Displays - Monochrome and Color 

• Modem - 1200 Baud 

• Dot-matrix Graphics Printer 

^ 



Personal Computer Workstation 

Software Features 

• DOS 2.1 

• FORTRAN. Pascal and Assembler Code 

• RAM Storage of 24 Graphics Frames 

• Image Animation Rate of up to 15 fps 

• Compressed Data Transfer 

• Menu-driven User lnterf ace 

• Data Archive lo Diskettes 



Major Problem Areas with the 

Personal Computer Workstation 

at PRE-STORM 

• Slow transmission of products over 

telephone line - even at 1200 baud. 

• Lengthy processing limes lo create 

retrieval data base. 

• Crude resolution of image display -

especially for visible data. 



Imminent Solutions lo the 

Major Problem Areas with the 

Personal Computer Workstation 

• 2400 baud modem technology available 

for use on voice-grade lines. 

• PC/ AT processing speed three times 

faster than XT (processor and 1/0). 

• Two new displays available: 

-- 640 X 350 X 16 colors 

-- 640 X 480 X 256 colors. 



Requirements for a Host Computer 

lo Support an Operational 

Personal Computer Workstation 

• A product processing schedule which 

will ~y_ meet workstation 

access times. 

• A dedicated modem port for each 

operational workstation. 

• Full一lime operator support and on-call 

technical support. 

• Well thought-out down limes or a 

back-up system. 



Future Ideas 

for 

Personal Computer Workstations 

• Laser/Optical Storage Disks --

100 Megabytes on $30 Disk 

• Laser Printers -- Fast and Quiel 

• Networks -- File and Device Sharing 

• Satellite Communications 

• NCAR Unidata Plans 

• NESDIS VDUC Workstations 

• STORM-Central Support 



AT 

氐velopment

AT 
Communications 

Workstation 

XT 

Workstation 

Mono 

Mono 

Color 
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BRIEF HISTORY 

The four-bit microprocessor was developed in 1970. 

The eight-bit microprocessor followed several years later. 

Currently 16-bi t microprocessors are integrated into products. 

The 32-bit microprocessor race is warming up. The estimated market is 
tens of billions of dollars. 

一 39-



THE MARKET SEGMENTS 

Business applications and office automation 

Engineering work stations 

Numerical control 

Expert Systems 

Robotics 

Video graphics 

Signal processing 
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GENERAL CHARACTERISTICS OF 

32-BIT MICROPROCESSORS 

Clock speeds in the 12-1 6 MHz range with a goal of 25 MHz. 

Due to their density fewer peripheral chips will be required and 
probably most peripheral functions will be handled by slave 8- and 16-
bit microprocessors. 

CMOS implementation for minimal power consumption. 

Sophisticated memory addressing including virtual memory. 

-41-



THE NATIONAL SEMICONDUCTOR 32032 

A VAX-type pipelined microcomputer architecture with virtual memory 
support and a highly regular (orthogonal) instruction designed for high 
level language support. 

Up to 16 megabytes of random access memory. 

A 25 MHz clock rate for the CMOS version. 

-42-



MOTOROLA 68020 

16.67 MHz 

On-chip instruction cache 

8-gigabytes of virtual memory 

Concurrent instruction execution 

Internal barrel shifter to speed execution 
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ZILOG Z80,000 

Cache memory for both data and instructions 

25 MHz CPU clock 

Sophisticated six level pipeline architecture 

On-chip memory management 

The CPU can generate physical addresses directly 
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THE REDUCED INSTRUCTION SET 

MICROCOMPUTERS (RISC) 

The concept utilized fewer instructions with most memory access 
instructions eliminated. 

「I . i 
! Main Memor 
I y ! 

I --－－一－「．＿＿＿i

r-－一上一一—·一

i Cache Memory 

`－一一一－—尸－－一{

一－一二; C P U r 

I 
匕－一－一--－一·一一·_＿_ , 

The arithmetic instructions are performed using register-to-register 
operations giving one machine cycle time execution. 

Implementations require good compilers to minimize main memory access, 
1. e., we want data that is required stored in the Cache Memory. 
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PROSPECTS IN OUR ATMOSPHERIC SCIENCE WORK 

Vastly improved work stations each having color graphics. We will see 
the stand-alone graphics probably disappear. 

Sophisticated graphics processing done largely in hardware under 
microprocessor control. 

The ability to integrate processing directly into sensors. 

The capability for sophisticated processing and display at remote sites 
with minimal cost. 

Vastly improved communication between distributed computer systems 
allowing data and information to be shared at high speed. 



THE USE OF SPECIAL PURPOSE VLSI 

CHIP DESIGNS TO ENHANCE MICROCOMPUTER 

PERFORMANCE IN PROCESSING SATELLITE DATA 

By carefully designing our systems, the processes of 

a. Data Ingest 

b. Display 

c. Information extraction 

will be integrated resulting in improved system performance. 

We will carefully optimize software and peripheral VLSI hardware. 

As an example, consider level comparisons with IR data. With a hardware 
comparator we can generate cloud size above a certain level directly in 
the data stream. 
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MICROCOMPUTER CONTROL OF THE OPTICAL DISK 

The optical disk provides a media to archive large amounts of image data 
and/or information 

A still picture system exists that stores 24,000 individual color frames 
with about one second access time. 

I believe these systems have great potential for allowing rapid 
information comparisons of current data-information with data
information from past events. 
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fig. I shows the dependence of the normalized phase 
function p(B)(Deirmendjian, 196-l, 1969) upon the 
particle size parameter z. in the case of no absorption 
(員 ,.0)with~ 
~-The variable I is 
b̀e angle of scatter. 
The individual curves have been vertically displaced 

from one another. The short horizontal line intersecting 
, given phase curve denotes the position at which the 
phiSt function has a value of unity. For the largest 
nlucs of %., the very precipitous decline in the value 
<i t near 0° corresponds to the diflraction peak 
(Deirmcndjian, 1964; Dave> 1969c); the strong maxi
mum at & scattering angle of 142° is the main rainbow 
(aused by ra)'S undergoing a single internal reflection) 
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F1G. f. Single-scattering albedo for a cloud of spherical```'.rticles for 
6ve different pa磁 li.ze distributions. 

3.5 
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VOLUME 27 

with its first supemumcry bow (van de Hulst, 1957, 
p. 241) located at 147°; the second rainbow (two inter
nal reflections) is located at 123° while its first super
numery bow lies at 114°; and finally, the glory corre
sponds to the overall increase and oscillatory behavior 
near 180°. As x.. decreases, all these features become less 
pronounced and broader; in addition, the rainbow shifts 
in location toward larger scattering angles and the slope 
of the ph ase function decreases until near z.-= 1/2 it is 
very similar to the Rayleigh phase function. 

The effect of introducing absorption within the parti
cles is investigated in Fig. 2. For z. -=32, the glory and 
「ainbow have been effectively suppressed 吐en `` 
~0.03. This effect can be understood using concepts 
from geometrical optics. A ray traversing a path equal 
to the particle radius will be diminished in strength by 
exp{-kr)==e叩（一五心，吐ere k is the linear absorp-

\cC 
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·,,,, ` · 2 µ 
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·一·一· ` ·卫 E

3.5 
`."I."'h(µ) 

Fro. 5. Same as F這．《 oopt 伍叩匕亡:al ice partid口．
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國 M•. The theoretical computations were performed All the theoretical spectra are normalized to fit the 
ior 卟erical water particles at the angles appropriate data point at the lowest value of('- f/)o). A particle size 
for each observation, and the theoretical points were of 8 µ appears to yield the best fit to the measurements, 
汕逼 together by straight lines. As mentioned above, a result compatible 面th t)-pical direct sunpling mea
no correction for gas absorption was made. surements of cumulus clouds. Unfortunately, the ab-
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臣kpc心nceisthatwithincreasingdropsize,
加 in the liquid increases relative to scat

比，缸 shown by the size dependence of 弘．

＇n仙ence of optical thickness 

Pig. 3 shows for a fixed drop radius (6 l'-m) the 
6ation with optical th.c:kness of reflectance at 1.65 

and 2.2 µm. As optical depth T is increased the 
spectral reflectance increases at a monotonic but 
steadily 如rcasing rate. With decreasing 祕 (in
crca 、ing absorption) a given increase in ; produces 
a sm,tller increase in reflectance. This is simply be
cau、 ._'an increase in re化ctance when ; is increased 
by.lr is produced by photons which have traveled 
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obtained implies 

c.｀＿ ,'akm2[I 一 (I - m'可
or 

Q.- • l.1ak if m • 1.33. 

(5) 

clouds. By insenin1 (6) into (3) we obtain the final 
result. 

o - H(凸)[ °.85ak r 
1 - g(I 一 0.85ak)J' (7) 

a formula which contains only bullc absorption co
efficient k, drop radius o. incident direction P-o (note 
that H(P-o) depends weakl)'on ide e,r·en though the 
dependence is not written explicitly] and the asym-
metry factor g.「"＇erre"riaI watercloud5al 50比

r-aveIenRth` ` i'"'Jy weaUydcpendent on5洫
(6) 已 will mmnin wiIhin 加 nnnrmima',. mn`F nn-

~Hansen and Travis, 1974); furthermore, 
which is the last approximation that we introduce -一2 um. wher m"! ,b
IO obtain a simple re比ionship for absorption in d~p ~瓚Y 杯k"'1軒t I 一伍 ii

In the geometric: optics limit, the extinction efficiency 
Qn, takes t比 value 2. and hence the single-scatter
ing albedo for a weakly absorbing water droplet is 
given by 

Q.臼I -.,___• 0.85ak, 
Q會｀

d-,I 

。

．
矗

BkiI 

'- ` ' 

m J ··三·. ··``...,· ~... 
P.o·一一··

FICAThesoIidcum"mm面面m國·b面ption at spec:ifi" 冑·veIen,th`
mrsus 巴 (eosineofsol`zmAh mUe`ccordinro Eq. (`); ,hecimIesrepr`ent 
fractioniJ 心sorption fn琿 -.ailecl Micidoublina calculations: mean drop 
radius 10 p.m. 
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已＇ F丶、｀＂＇丶 addI,Iona! prohlcn} 
In the following 丶cctmn` ｀'C 嶋 ill Ji、Cl1`

primarily (hut not c、clu、ivcly) data for this Dec 
19 cloud layer. There was, 比ever. nothing 
special about that cloud: other 1ets of data for 
cloud measurements on other days show 龘II the 
essential features which we will discuss in the 
context of this particular clClud, which was a 
stratocumulus cloud)aver over nonhwestcrn 
Tasmania. " ·ith t,asc 4.300 ft (l,3 IO m) and lC'p 
~.400 ft (1.645 m). We will also often restrict 
our discuss面 to the four wavelengths of Figure 
3, but data from the circular variable-filter device 
(notably 1.66,,m wavelength) were also used. 
Indus.on of funher wavelengths did not modif ~ 
the result or the conclusions: it is only for the 
uke of simplicity that we have restricted our 
discussion to those four or five wavelengths. 

a. Direct l"ompC1riso11 of computed and 
measured spectral reflecta,ic-~ 

Since the microphysical measurements in this 
cloud indicated an optical thickness T'of 18 and 
a mean radius r of 8,,m, these numbers were 
used to obt`ftectance at the four refere配e
wavelen'缸＄ 1.0, 1.2. and 2.25.~m. and 
the values thus obtained are plotted (hor乜琿al

lines) on Figure 4, superimposed on 心 (time

varying) values for the corresponding measured 
reftectances. Neither the absolute nor 心 reU

tive magnitudes of the reftectances a,reed v~牙！

well: t比 ¢,mputedreflectanco at the thre 
`horter waveIenRths faII distinctIykb`'hc 
measured values, whiIe ther`uction ` spread 
in t匾「e藍狂C旦.Jfrom t比心n~,°'he
Jongest 冑avelength) 血｀面ous乜亟匣呾區

旦王竺．mPUtations.
It is ~lso possible to ignore 吣 microphysica I 

'° 

尘u`· A·IO, 

l•Z_Z一－-
TIME c::—-3 

Fi~., Portion of the data of Fi~. 3, superimposed 
with theoretical values for T, r 1iven by the 
measured cloud microphysics (horizontal Jines). 

measurcmcnls and. hy a numerical search tech
nit1uc. 10 determine tho、c value丶 for r- and,. 
which agree hcst (in a least-、quare丶心nsc) with 
thl! spectral mca、uremcnts. In thi 丶 case (and in 
most of our data), the search procedure tended 
to find two regions of optimum a{!reement, each 
with similar values for -:-, but with widely dif
f erent \'alues for r, one very largl! (12-20 1,m) 
and one very small (-0.5,,m). We believe that 
tt:is may reflect the behavior shown in Figure 2, 
where it is seen that a single value of 卹 can

u~ually be produced by two values of radius, 
giving a kind of ambiguity (not total ambiguity 
because two values of r giving the same wo at 
one wavelength do not give the same mo at all 
wavelengths). We have used both pairs of values 
from the search procedure in Figure S, these 
being denoted (a) and (h). 
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`" Fir..5 Similar to Fi~. 4. but the theoretical values 
were obtained for values of T, r which a search 
al~rithm selected for optimum a~reemenl 辰

tween measured and c:alculateJ data (i.e., values 
which · a remote-sensin~ proc~urc mi~ht pro
viJc). The search al~orithm ~.ivc lo aim凶
equalIy preferahIe vall1cs: one (T=32, 7=O.5 µm) 
was used in (a); the other (T= 32. r= 12,,.m) 
in (b). 
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RADIUS 區，

Fm. a.-- Ioriccaad`.tcru·,- 
dputidclize. 

The second radiation parameter is the scaled op
tical thickness ,,`hich is related to the cloud optical 

`｀比曰"by
.,. - (1 -,>.,. 

` ID ID 

The spherical albedo of a semi-:infinite cloud layer 
"ufound 历 m 上 H血t (1974) to be described 

by,. In that numerical study, -s 
ofz,nd 圀 which formed thesamevaluesofs were 
'ound t9 缸-o. For the ob
servational problem, numerical calculations were 
尸rformedtodetermineifthereftecUonfunctionwas
invariant in s and -,•. Fig. S shows the calculated 
reflection function of a cloud as a function of -,• for 
several different values of s. The values given in Fig. 
5 are for µ一 1 and 郿一 0.47~ to agree with the 
geometry of the Skylab observations. ~ 
function-was calculated usina the doub~ 
deSCribed by Hanscn (I97I5. f The calcuk§ns used 

r 
of values ofuh '̀nd T toman theran`e of,.nd 
~- The variance in the points defining the 
curves of Fig. S was appreciable for values of -r• 
~ 1.0. For larger values of-,•, the similarity param
eter was found to be a suitable parameter in pre
dieting the refl碰on function. 

An interesting point noted in forming Fig. S was 

｀國
that the figure could also have 逗n based on phase 
functions derived from Mic calculations for particle 
size distributions. By following such a procedure it 
would be more difficult to span the range of, in a 
uniform manner because of the difficulty in choosing 
reasonable values of the refractive index and size. 
However.doublin,calculations`ere madeusinRthe 

0 

particle size distributions and the foursetsofre-
{4)~面en inTable I,These were 勺m-

pared with similar calculations based on Henyey-
Grenstein phase functions `ith thesame 勺'', ang 
', Rrn°'bmmtiqp (圀一 1.0) the intensitiescal-
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absorption and re-emission inftuencin"llell."四
Gl,servations. 

The remaining observations listed in Tabic 2 aK 
for douds. In the case of clouds the so驢ading tan
,eratures were found by using the stereo,印hically
tletennined bcighu together 面th the OSOO MST 
m叫ing ·bo冑Din Fi`.8.F,r O.t，严～ion

t, ~計益｀ s`e"亞5悶';;；1HZZ盂f;
dtbe cloudw缸皿泅 For all cloud cases with a 
reflection function at 0.83 巴n > 0.6, the sample stan
dard derivation between the 11.4 pm blackbody tan
peraturc and the sounding temperature was l.2•c. 
The stated accuracy r or the cloud-top altitude cle
tcrminat這｀ is -o.s 區． Thus, the sample staa研
derivation iD temperature is less than the error limit 
or the altit叫c determination. The difficulty ill lad
ing cloud f caturcs on 吐ich to apply stereography 
was a source of error in this temperature compari9o鸝．
The 比·`etem氏raturedifferenccs betwen II.4 尸
observaUo皿皿d 山emundin`5 forIrm C 酐｀ " -
Uont-DtaiIdndi'tWemnsfer 面culations `ere 

":rf-om` ì for Il,4 "皿 in which wpterdimcrIb 
Prption `mincIudcd. These calculations indicatcd 
山elM皿--
knt bri`htness temperatures me sensitive tothe.in-
止巴Ummal比~t
鼬｀~uc to tMSe two parameters a one 
mt`0 毋rec uncertainty in the equivalent bright
aess kmperature is e`｀迢． It is r elt that. com
巳國of the above effects causes the discrepancies 
~wccm the equivalent 11."皿 blackbody 區per-

atures and the sounding temperatures noted in Table 
2. 上 a result of this comparison, it appears that with 
the exception of locations G and H the 11.4 1,1.m ob
servations are representative of the temperature of 
the cloud top when Ro.11 is >0.6. ~ 

-
d 

-le. In this latter case, the black
body temperature at 11 .4 p.m is somewhat greater 
山皿 the sounding temperature as seen in Table 2. 

To resolve the disagreement in the 11.4 p.m bright
aess temperatures and the sounding temperatures, 
.the S- l 90A photographs were visually inspected us
iag adj矗cent frames in a stereographic viewer to de
tamine the structure of the cloud which included 
locations G and H. This cloud feature was found to 
缸ve a more complex geometric structure than was 
mdcnt in the altitude contour analysis. The contour 
缸wysis shows two layers, -1 區 apart. Visual in
哼cction shows at least_part of this upper layer to be 
optically thin for that part over land. Locations G 
and H were chosen where the two layers overlap. In 
呻 overlap region it is not possible to establish the 
optical thickness of the upper layer. If the upper layer 
i& optically thin then the emission from the lower 
doud transmitted through the upper cloud may ex
，缸n the temperature disparity for these locations. 

Fig. IO illustrates the 16 cloud pairs of observa
tioas of Ro.u and Ru1 presented in Table 2, while 
F瑋． 11 shows corresponding results for Ro.11 and 
RuJS- The curves shown in Figs. 10 and 11 arc the
oretical calculations relating the reflection functions 
to one another for the noted values of s. In both Figs. 
10 and 11 curves are shown for zero ground albedo 
and for the wavelength-depcndent ground albcdos 

T• 
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parameter arc noted on the right in Figs. 10 and 11. 
`:ausethe similaritv paramctcr is assumed to 沅
unitv at 0.83 um. the reflection function in this chan
neIisdirectlyrelatedtotheeffcctivcopticalthickness 
_as indicated by thc upper scalc in Figs. lO and U. 
The values for the similarity parameter noted on_thc 
right-hand sides of Figs. 10 and 11 indicate that for 
a given.,.•, the reflection function at 1.61 and 2.125 
血 can assume a number of different values de
pending upon s. Thus, ~ 
athmFi`.l0qFig. lI couldbeusedtocmpiricalIy 
-dcPrmioetheparametcr pair s and 凸 Further, as 
was shown in Fig. 4 the similarity parameter has a 
one-to-one correspondence with particle size for each 

àase. Using the modified gamma distribution of particle 
sizes, the relationship between the similarity param
cter and the effective radius was calculated and is 
displayed in Fig. 12. The measurements which are 
．國 to infer s can then be used to determine the 
particle size for each phase. In terms of the cloud ... 

` 
microphysics, a pibIy. momsigniticant parameter 
set•s 

FIG.ll.Similarity,rametcrford`tri如tiaM tla _. __,. ~In terms of the distribution 
户心這臼 1 「-ole"mimradius,..cff- －._ parameters these are given by: 
md mve匕

｀一 r.{1 一 3o.），

6 一(--)＇n
l 一 211./.

`.`,,,,. • 

---...` 
• 

foundatIocationQ.Thethcoretica1om"`"－一
crated from doubling calculations for two pa心le
血 distributions. The distribution funct這 for the 
particles wast比 modified gamma distribut這'in the 
form discussed by Hansen (1971 b). The parameters 
used in the distribution are the eff cctivc radius,. and 
a dimensionless cff cctive variance Pr These quan
tities arc radius-squared weighted means and vari
ances of the size distribution.~ 
v,)_for the distributions used in Figs. 10 and 11 are 
T兌§~for the upper curve in each phase 
andi}6.2µmk0.I2O)forthelowercurves. Themode 
radii for each ~ were 3. 7 and 10.0 p.m, 「cspcc
tivcly. The corresponding values of the similarity 

643 

The procedure outlined above was applied to the 
data listed in Table 2. Because the ground reflectance 
in the scene was variable and because the cloud shad
ows were appreciably separated from the clouds due 
to their finite size and large solar zenith angle, only 

;a. 0. 7 were considered. Thus, samples were for 
icgI thickncsses ~5 or lar'er. 

The results of applying the reflection function anal
yses discussed are given in terms of the experimen
tally derived scaled optical thickness, similarity pa
rameters and eff cctive particle sizes as shown in 
Table 3. The first four regions of Table 3 are for 

T AaLE 3. Scaled opt迫I tbictness, similarity parameters and effect沅 radii （,am) ror ice and water. 

l.61 巴 2.125,,.m 

Location ,... 5 X I' ,. (water) `(`e) IX lo> ,. (water) ,. (ice) 

A• >30 I35 士 I8 5.7 ± 1.1 I.4±0.6 ｀｀土 15 6.6 :t 0.6 3.`~ o.s 

.. 
>30 137 土 1` 5.8 ± I.I 1.4 :t 0.6 262 土 I5 6.6: 0.6 3.`± o., 

c. >30 ＂＇士 1` 6．鼻士 l.l I.I :t 0.6 263 % 15 6.6 ± 0.6 3.`% o.s 
D >30 lU 士 1. 6.1 ± 1.1 1.6 % 0.6 2UB 士 l6 6.1 % 0.6 3．鼻土 O.5
E 12.2 '" :t17 

9.6: 1.0 3.4 ± o.s `）5 士 1 鼻 8.'±0.6 5.2 % 0．鼻
F ,,.1 ＇矗｀% II 6.1:tI.I 1.7 % 0.6 269 ± 15 6.8 % 0.6 4.2 % 0.5 
G 6.7 "lI 土 17 ..5 士 l.0 1.1 % 0.5 ｀鳩% 14 8.3 ± 0.6 5.3 :t 0.』
H ｀鼻 "遍土 I1 9.3 :t 1.0 J.O :t 0.5 316 ± 13 1.5 ± 0.6 5.6 ±0．鼻

' 
5.1 ｀土 17 10.6:t1.0 J.5 i: 0.5 327 ± 13 9. ' :0.6 5.. ::t 0．鼻

」 s.o ＂｀土 17 9.S ± 1.0 3.2 % o.s 322 土 13 `` :t0.6 S.7 % 0.4 

ll.` 巴̂·Jn,m口紜̀er這山anfl&DCtiaal re転ctiall fuc:t這 o1ICIIIi-in6nitcdoud. `叩m.doud md.ce mmmed ·nd ·lope 「·aor .ppIied to I.6I md 
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｀硒呻dimensionsofb``Wo"·appro吐nately_7) x 
3I25cmandthem袖t35U· n三－requira25
"mfll5v60比 power and about l 000 .. tts of 21 • DC 
泗伷 heaters.

In normal operation data from aD一·
面國 simultaneous)y ． Thedata 臼 mo`｀ on·U尸曰
洫in ana國 fonnandlim-mlymn`m`hI0巳
~A/0c:onvmm·ndmcorddin孽talform.T
~ count and other information 曰 me,dwith 山e
~ as it is recorded. 

The initial CPR 心｀ in the IUJIUIICr of 1976 
磁from at least the normal nwnbe.· of呻fortuIICI. 正
匾1 channel detector failed after the fmt few days. Owmels 
:and 3 each drifted about JOA to the blue and the 「̀ erOIitbe
1伽mmterv·por-"eems to have been def ec阮． ＾
頃靄rsity of Missouri (Rolla) laser nd訌 (lidu) 研em. mF 
毋 by Goddard f血din&, was also on these 伍ptl. It WIS 

~ to intercompare the OR and lidar cloud data, bowner 
`bd缸 suffered nen more mid'ortunates (technical and other) 
卹朊 CPR. Thus to date it bas not been poaible to com-
洱 the two data lets. 氐spite the1e and other difficulties 

'dintmstin&m凸｀neter data was obtained and 缸這在 or

, b -. 
There were two major diff erenc:es bet｀面凸

1976C"PR and the present venion. Fint the 2.165血凸訌mel
nsnot,·n the earlier version. Secondly uncoat｀蘸om`
mo"eICU叫 for channels 1, 2 and 3. The．缸d ·直口` ,ue ratio of between 200 and 300. 

lbe ice-cloud, water cloud, snow di`` ǹator 
卹｀｀｀orked quite well in seneral. Al indicated in Table 2 
ir aJaorithm ntios the reflectance of the 1.64,m＂缸皿elto
闆I of the clear·O. 7 S41lffl cb缸mel and compares the muJts 
祉 theoretical calculations. At 1.64巴m`＂bso巾sm·,m
~It amount of the incident radiation but water does.not. At 
＂出國 neither pure ice nor water absorb radiation...fm.l 
尸＂k屯nceinthe0.7"µmchanneliocIouds 面U.,:
鼬衄mt`do叫心 l.g皿｀hile IJIOW will匾面
凪 F唧這 2a and b and 3a and b are two examp匾 oftbe
armc. 

Fipre 2 shows water clouds ewer Crater Late, 
咖non July 1, 1976. The left hand picture shows the scene 
國by tht clear channel at 0.，｀皿. On the 膚ht ·tbe 
n acene with the pixels identified as water clouds(匾Jtt
,ay), ice clouds (dark sray), mow (white) or dear IUrface 
崛）． Very thin clouds or haze are identified u surface thus 
量磁`appearmorelaqinthepbuep-tbanthey

..`, ..... w., 
m·m 2. m̀ o已．－~ 

actually are. fil\lre 3 lhows • mixed scene over Boulder, Colo
ndo on July 6, 1976. Here buildi鳴 cumulus clouds are shown 
to be ice capped in the phue p這ure on the ri&ht. The anall 
a出e patches at top of the phase picture indicate snow fields 
ia 山e mountains. Colors are arbitrary in the phase picture 
llence we have made snow white u that ii the color normally 
aaoc:iated with it. Other thinp be血e1 ice and snow can ap
戶訌｀袖tat 0.7S4pm and dark at l.64pm thus alialiJ瑒 can
occur. Eump區 of this are seen in the bottom left hand cor
aer of the phase picture where a number of bright ueas inside 
louJder ue falsely identified as snow. Cross referencing to the 
鼬ck body tempent叩｀ measured by the 11四｀ channel will 
permit the elimination of most of theae cues. · 

泗
尸＼、 ｀

匹II嶋．、｀圖lU ~叫
F`m3. lclO'三 0-m8ouU軻

Cloud top altitudes are obtained by comparing 
矗 m上ctancc ntios R(0.761)/R(0.7S4) and R(0.763)/ 
ll(0.7$-1) with theory and 面th empirical data. They can also 
lie estimated from black body tempentures calculated from 
嶋 11,an channel. Fiaure 4 shows the clear atmosphere trans
llllimon in the oxygen A-band calculated for a Gaussian fllter ``• full width at half maxim山n transmiaion is 20 cm-1 . 
The sun is at the zenith and the o沅erver is looking to the nadir 
酆a total air mass of two for the tea level case and one for 
.die 500 mb case. ~曲edWwmm巾｀｀
tbe meuured reflectances with calculated values under th~ ~ 
lllfflptionthatthendiationfoUowsm屯加 ~ths from sun 
m凸，｀9磁mr.
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Fipre 5 櫺 1mphofdItaUken1t1 「̀ ed nadir 
m止 d33.， DOrtb`estem 即巴，｀iintheearlydtemoon
ofJuly6.,976. `e-ft`Utn叫Jina from west to eut 
md'Chycwnul田缸e scattered aver the field of view. In the 
lower 國 orthe 「ipre are lho面 the 0.7S4皿可比曰e
。 111d die 11,an black body temperature curve. The 
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AN ANALYSIS OF VARIOUS MESOSCALE AIR MASSES 
FOR 28 MARCH 1984 USING NOAA-7 TOVS 

D.W. Hillger, 」． F.W. Purdom and T.H. Vonder Haar 

Cooperative Institute for Research in the Atmosphere (CIRA) 
Colorado State University 

Fort Collins, CO 80523 

1,0 INTRODUCTION 

The ability of satellite soundings to detect 
significant differences in water vapor profiles 
over small horizontal distances will be shown. 
The case study day under analysis was the Carolina 
tornado outbreak of 28 March 1984. This tornado 
outbreak case is especially significant because 
the air mass characteristics (water vapor and 
stability) were directly related to the location 
of developing severe weather (tornadoes and severe 
downbursts). 

Satellite sounding radiances from the NOAA一1
TIROS Operational Vertical Sounder (TOVS) were 
used to retrieve water vapor and temperature 
profiles for single fields-of-view. Examples of 
vertical water vapor and temperature profiles will 
be shown for selected areas which were identified 
as having different air masses present. For each 
profile various water vapor and stability 
parameters were computed and then related to the 
potential for the development of severe weather. 
This analysis is based solely on the satellite 
data, without the use of surface observations or 
other ancillary data. 

2,0 SATELLITE DATA 

The TIROS Operations Vertical Sounder (TOVS) 
operates on board NOAA polar-orbiting satellites 
which normally view a region of the earth at 12-
hour intervals· (twice a day). Data from the 
infrared sensors were used in this study to derive 
water vapor and temperature profiles at a single
field-of-view resolution of about 35 km. The 
characteristics of the TOVS channels which were 
used are listed in Table 1. Not all channels were 
employed actively (used to modify the temperature 
or water vapor profile), only the tropospheric 
channels, since emphasis was placed on lower
tropospheric results. This was justified due to 
lack of mesoscale variations in the upper channels 
and for computational expediency. Of special 
concern were the lower tropospheric water vapor 
profiles. The weighting functions for the water 
vapor channels, which describe where the majority 
of the radiance contribution for these channels 
originates, are shown in Figure 1. 

The horizontal coverage and resolution of the 
TOVS measurements are indicated in Figure 2, which 
is the channel 20 (0.7 µm) relative reflected 
radiance for approximately 21 UTC (Coordinated 
Universal Time 一 GMT) on 28 March 1984. Contours 
and shading are used to distinguish between cloud
free regions and those with cloud-contaminated 
radiances. The TOVS retrievals were performed 

Table 1 
Selected TOYS Channels 

TOYS Principal Approximate 
Channel Central Absorbing Peak 
Number Wavelength Constituent Pre(sksPaur) e (11m) 

8 ,,., window 11urrace 

` 9 
3.7 w1ndou aurrace 

10 8.3 

羣
90 

'̀ 7. 3 70 
12 6.7 50 

u ` u.2 CO2 40 
5 14.0 

coc;o ;a羞 60 
6 13.7 80 
7 1 3. u co21H 90 

13 11.57 

C0；2羞1N22o ° 
100 

1 U u. 52 95 
15 11.26 70 
16 11.110 C07/N 110 

20 0.7 "'1ndo"' reflected 

only in the clear or mostly clear fields-of-view. 
In this case the cloudy/clear threshold was 2.0, 
such that values exceeding the threshold were 
considered cloudy and are shaded. The unshaded 
regions in Figure 2 compare closely with the clear 
regions in the Advanced Very High Resolution 
Radiometer (AVHRR) image in Figure 3 at 1 km 
resolution. This image was taken by a separate 
instrument on the same satellite (NOAA-7). 

IOO 

"'"```｀胃 V~`｀｀ UMD 
U沁｀~｀ ｀INOO冑 CHUMUEL1

l00 

。
Figure 1. TOVS H,.O channel weighting functions. 
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NOAA-7 T0VS 84-3-28 20SI UTC Ch-20 0.7 JJ.m 

Figure 2. TOVS channel 20 (0,7 JJm) relative 
reflected radiances for approximately 
21 UTC on 28 March 19811. Numbers show 
single-field-of-view values. Shading 
is used to indicate cloud-contaminated 
areas. 

3.0 TOVS RETRIEVALS 

The iterative retrieval method employed for 
the TOVS data was similar to that descr1 bed by 
Smith (1983) and Smith and Zhou (1982) for the 
VISSR A tmospher 1 c Sounder (VAS). However, befor e 
the retrievals were performed the reflected solar 
component of the TOVS radiances was subtracted off 
(Hayden, et al, 1981). Care also had to be taken 
to avoid cloud contaminated fields-of-view. 
However, oversight of cloud avoidance may be 
recognizable in resultant soudings as saturated or 
unrealistic water vapor profiles. An alternate 
means of cloud detection, besides a reflected 
k̀` .,.., ·- ; ·· ` 

上 ，｀ 鬘
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·~ ̀ ., . 
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. 

Figure 3, AVHRR 1 km resolution visible image for 
same area as in Figure 2. Letters A, 
B, C, and D denote regions where 
satellite retrievals were performed. 

radiance threshold, is to use a threshold value of 
the difference in brightness temperature between 
the 3.7 and 11 µm window channels (Hillger, 1984) . 
In this case a threshold of 12 K was used rather 
than the 0.7 iim threshold. 

In this study a single smooth composite RAOB 
sounding was used as the initial guess profile for 
all retrievals. The result is that differences 
between the retrievals were due to the satellite 
data alone and not an objectively analyzed initial 
guess field. Likewise, no surface observations 
were used in the retrieval process. 

Once the retrievals were performed several 
water vapor and stability parameters were 
calculated for each sounding. Hillger and Vonder 
Haar (1981) showed that these parameters, as 
derived from satellite soundings, can· be useful in 
the prediction of convection based on the pre-
convective environment. Local maxima of low一level
water vapor and instability were linked to later 
convective activity for several case study days. 

4.0 RESULTS FOR 28 MARCH 1984 

Figure 4 (Storm Data, 1984) shows the paths 
of the tornadoes and severe downbursts during this 
Carolina tornado outbreak. The major activity was 
confined to one long and nearly continuous 
corridor. A large storm developed in northeast 
Georgia and tracked east-northeast along a 
thunderstorm outflow boundary across South 
Carolina and into North Carolina. This boundary 
was a result of early morning convection to the 
northwest of this line (Purdom, 1985). 

The holes between the cloudy regions allowed 
the use of satellite soundings to analyze the pre
storm environment surrounding this boundary. 
Figure 5 shows selected regions with 3 or 4 
sounding locations in each. The numbers in each 
enclosed rectangle are the line and spot numbers 
for single fields-of-view. The 4 regions were 
selected to show the contrasting differences in 
the retrieved soundings, especially the water 
vapor profiles. The 12 K window brightness 
temperature difference contour is given in Figure 
5 in order to distinguish between cloud
contaminated and cloud-free areas and to show 
where the satellite soundings are located with 
respect ~o the cloud field. The 12 K contour is 
nearly identical to the cloud-no cloud threshold 
in Figure 2 and also serves to illustrate the 
similarly of the two cloud detection methods. 

CAROLINAS TORNADO OUTBREAK of March 28. 1984 

。

. 

．，一. ,'· • . .''' 
... 。

22 tornadoes 
3 downbursts 

57 deaths 
。..．鷗－

一－－·,一－··Figure 4. Line of tornadoes and severe downbursts 
during 28 March 1984 Carolina tornado 
out break. (Storm Data, 1984) 
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Figure 5. Locations of selected soundings in 
areas which have different air mass 
characteristics. Region letters and 
line and spot numbers are used for 
identification purposes. The 12 K 
window brightness temperature 
difference is given to distinguish 
between cloud-contaminated and cloud
free areas. 

The 4 selected locations, chosen by 
examination of the visible satellite imagery and 
surface observations, can be categorized as: 

Region A 一 Dry region on the west edge of the 
clear tongue extending up into 
Georgia. This dry air is ahead of 
the frontal boundary stretching 
northeast to southwest across 
Georgia. 

Region B - Moist air mass over coastal south 
Carolina. This air is probably of 
oceanic origin. 

Region C...Warm sector air for the mesolow 
region where the tornadic storm 
first develops on the South 
Carolina-Georgia border. 

Region D 一 Outflow air to the north of the 
outflow boundary on the North 
Carolina-South Carolina border. 

For each of these regions the selected TOVS 
retrievals were performed. Examples of vertical 
temperature and water vapor profiles in each 
region are given in Figures 6a through 6d. Each 
temperature sounding shows the radiative surface 
temperature as a discontinuity with the air 
temperature near the surface. The plots are on 
skew-T log-p backgrounds. 

By examining the 4 sounding examples (one for 
each region) the contrast in the water vapor 
profiles is apparent. Region A (Fig. 6a) consists 
of a dry sounding from the surface upward. 
Region B (Fig. 6b) is much more moist in lower 
levels, as should be characteristic of maritime 
air. Region C (Fig. 6c) shows an even moister 
profile. In this case the lower levels were 
retrieved as saturated. However, the limited 

vertical resolution of satellite soundings makes 
saturation in a thin layer somewhat questionable. 
Finally, Region D (Fig. 6d) shows a region which 
is again drier, but with a nearly constant 
dewpoint depression with height up to 60 kPa. 

In contrast to the water vapor profiles, 
there is little difference between the temperature 
profiles which are shown. This is reasonable 
considering that water vapor varies more rapidly 
on small spaital scales than temperature. 

Quantitative water vapor and stability 
information on the retrieved soundings in each 
region are given in Table 2. Each sounding is 
identified by its line and spot number as given in 
Figure 5. Water vapor information is given in 
terms of total precipitable water and the mean 
dewpoint temperature and mean mixing ratio in the 
lowest one kilometer. The contrast between the 
dry soundings in Region A and the more moist 
soundings in Regions Band C is apparent. For the 
dry soundings in Region A the total precipitable 
water is about 20 mm and the mean mixi_ng ratio in 
the lowest kilometer is about 8 g kg 一!, -compared 
to values of about 32 mm and 13 g kg 一 1 in 
Region B. Region C is likewise moist, but 
Region D again shows decreases in the lowest 
kilometer mean values. 

Stability information in Table 2 is given by 
the Total一Totals (TT) index, the K一Index (KI), and 

· the Lifted Index (LI). The most stable area is 
Region A with total-totals of about 吣0c and 
~ lifted index values. The most unstable 
areas, according to the total 一totals, are in 
Region,s B, C and D, with values around 50°c. 
However, according to the lifted index, Regions B 
and especially Care more unstable, with the most 
negative lifted indices, with values from 一2 to 
-l!0c. The most humid and unstable region is 
therefore Region C, which is the storm genesis 
region for the tornado outbreak. Soundings on 
either side, in Region Band especially Region D, 
are more stable. These contrasts are striking 
considering the small horizontal scale involved 
(<300 km) between the analyzed regions. 

5.0 

Satellite sounding data were used to produce 
soundings at single-field-of-view locations on the 
28 March 1984, the Carolina tornado outbreak. The 
infrared satellite measurements at high horizontal 

Table 2 

Re'1on 

^ 
^ 
^ 
^ 

BBBBCCCDDD 

SUMMARY AND CONCLUSIONS 

Precipitable Water and Stability 
tor Selected Satellite Soundings 

Stabll i ty+(0c) 
TT KI LI 

111 15 1.5 
110 111 3.8 
吣 15 11.6 
37 11 8.5 

Line and Spot 
Numbers 

109 37 
110 38 
111 39• 
111 110 

110 117 
110 118 
111 117 
111 118• 

110 1111• 
1 1 1 UU 

` " U5 
1 1 U U8 
115 48 
1 15 U9· 

Total 
PU(mm} 

21 
20 
19 
16 
32323431363337373232 "1171184750485051"117 292931283530311 

一1.8
-2.2 
一2.4
一1.3

一2.2
-4.3 
一3.5

385 ... 1OO 
一
一
－

7OO 333 

Lowest 1km Hean 
邛°C) u(6 kg 一 1)

13.6 10.3 
11.0 8.7 
10.1 8.2 
5.3 5.9 

17. 1 
17.5 
17.6 
16.6 

17.5 
18.8 
18.2 

16.2 
111.8 
` U. 6 

13.0 
13.3 
13.3 
12.5 

13.3 
1 U. u 
1 3.9 

12.2 

` ̀ · 1 11.o 

+TT-Total Total` m-K一Index, LI• Ltrted-Index 

·denotes 5OUnd1n`S 5hOun 1n F1c. 5 
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resolution (35 km) have the ability to detect 
small scale features which are undetectable by the 
standard radiosonde network. Only surface 
observations are available at a similar 
resolution, but they contain no information of 
vertical temperature and water vapor structure. 
The satellite soundings for this study were 
produced~ the aid of surface observations 
in the retrieval process. 

On this case study day, satellite soundings 
were examined in selected regions around the 
tornado genesis area. The retrieved soundings 
showed a wide range of water vapor profiles over a 
relatively small horizontal scale (<300 km). 
Total precipitable water and mean dewpoints and 
mixing ratios in the lowest one kilometer show 
contrasts. The primary indicator of the best 
region of severe weather potential is the lifted 
index computed from the soundings. 
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J. Purdom 

"Mesoscale Forecasting Research" 

This is a summary of the first talk I gave at the 1985 CIRA Pingree 

Park Retreat concerning mesoscale forecasting research, both current and 

planned, a氐 CIRA. The attached viewgraphs were used in the talk and are 

briefly summarized below: 

1. Mesoscale research at CIRA, current programs with which we are 

involved. 

This viewgraph shows the current programs with which we are 

involved and the various objectives of those different programs. 

2. Mesoscale research planned. 

This viewgraph describes various research programs with which we 

will be involved in the future. Some of those efforts are 

funded, some are not. For example, numbers 1 and 2 are funded 

programs, number 5 is a partially funded program for which we 

will be seeking additional funds. Numbers 3, 4, 6 and 7 are ones 

for which we need to determine our planned activity and submit 

proposals to the appropriate places. At the bottom of viewgraph 

2 is written "satellite mesoscale initiative". This refers to a 

mesoscale initiative which will be spearheaded by NESDIS for FY88 

submission to NOAA who may then take it to DOC. CIRA will no 

doubt play a major role in structuring this mesoscale initiative. 

Time is short, however, as there are only eight months until the 

time for FY88 submissions. 

3. through 16. - These viewgraphs are examples of products that were 

made available on the CIRA IBM/PC to the PRE-STORM program which 

we supported from May 1 through June 30 of this year. 
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3. This is an example of the visible image for June 10, 1985 which 

was a PRE-STORM operational day. Boundaries showed up very well 

in the visible image. On this day, a major mesoscale convective 

system developed in Kansas and moved across the northern PRE

STORM network as well as through Oklahoma. This is no doubt a 

day that we will study in depth with the PRE-STORM experiment. 

4. Once the major MCC had formed, histograms of the cloud top 

temperatures were taken. This is an example of the histogram 

output from 20 GMT to 0700 GMT for the major MCC. 

5. A plot of time on the abscissa versus pixels on the ordinant. 

300 pixels relates roughly to 50,000 square kilometers. This 

viewgraph shows the accumulated area covered by the various 

isotherm regions within the anvil from 2000 GMT through 0700 GMT. 

It is interesting to note in this histogram that almost all of 

the convective intensities peak at near the same time in the 

cirrus shield, that is, around 0300 and then begin to decay 

rapidly. Obviously there is some interconnection between minus 

一75 and -72 and so forth since the -72 area also includes the -75 

area. This was a case in which dry air evolved ahead of the 

squall line and showed up very well in the water vapor data. 

This interacted with the squall line and no doubt helped it 

become severe with very strong winds as it moved through the 

Oklahoma area. 

6. This is an example of a water vapor image for the water vapor 

sector provided for PRE-STORM. It's for June 12, 1985 at 1730 

GMT. An interesting feature in this viewgraph is the short wave 

that shows up moving through Missouri into Arkansas and also 
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another short wave in Utah. This is one day after the MCC has 

moved through the PRE-STORM region. 

7. This is a visible image for the 1?th at 2100 GMT. Over the area 

shown by this image, satellite soundings were taken and examples 

follow, 护 s 8-16. 

8. This shows the area that is covered by the PRE-STORM sounding 

sector. The particular values printed out are the Oto 1 

kilometer mixing ratios at the sounding spots for the 12th of 

June at 1718 GMT. Each spot is for an area 75 x 75 kilometers. 

9. Another sounding parameter computed on our IBM PC, in this case, 

total negative energy below the LCL. 

10. Another sounding parameter computed by our IBM PC, in this case, 

positive buoyant energy available once the convective temperature 

for the day is reached. Notice the higher positive buoyant 

energies in eastern Texas and also some evidence of higher 

positive buoyant energy in Missouri, Arkansas and up into Iowa. 

Those northern higher positive buoyant energies will be available 

because of the trough that is moving through the area and the 

cold air aloft associated with it. 

11. This is the convective temperature required to realize the 

positive energy shown in 1110. 

12. This is positive buoyant energy available if the parcel is forced 

tO'convection at the time of the sounding. Notice again the 

higher positive buoyant energies in Texas and also up through 

Iowa. 

13. This shows by number the soundings taken, II 1 being in western 

South Dakota with 11144 being in southern Louisiana. The 
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continuous line drawn on the viewgraph represents what one might 

envision as an instantaneous aircraft track across a very large 

area where we might want to look .at soundings. For example, 11141 

compared to 11137 is shown in viewgraph 1114. Sounding were made 

for each of these spots to compare to adjacent soundings. 

14. This is a comparison of soundings 11141 and /1137. Notice that 

/1137 is slightly cooler than 11141. 

15. This is a comparison of soundings /1132 and /1125. Notice that 

11125 is cooler aloft and also shows saturation at mid-levels. 

This is partly because of cloud contamination. This is an area 

where mesoscale models may well be able to help us improve the 

sounding capability of the satellite. 

16. Similar to 15, showing mid-level cloud effects. 

Next, certain items that were spoken of by Don Hillger in his talk 

were reiterated concerning the Carolina tornado outbreak of March 28, 

1984. The attached paper, titled "The Application of Satellite Sounding 

and Image Data to the Carolina Tornado Outbreak of 28 March 1984" was 

distributed. This paper is to appear in the preprints of the 14th 

Conference on Severe Local Storms. Figures 1 through 8 of that paper 

were used as viewgraphs in describing the outbreak and how we are trying 

to integrate satellite image and sounding data together to better 

understand mesoscale atmospheric behavior. 
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TO APPEAR IN THE PREPRINTS FOR THE 
14th con£. on Severe Local Storms 
Oct 29-Nov 1, 1985, Indianapolis, IN 

The Application of Satellite Sounding and Image Data 
to the ~arolina Tornado Outbreak of 28 March 198!1 

James F.W. Purdom 

Regional and Hesoscale Meteorology Branch/Development Laboratory 
NOAA/NESDIS 

and 
Cooperative Institute tor Research in the Atmosphere 

Colorado State University 
Fort Collins, Colorado 

1. Introduction 

The Carolina tornado outbreak or March 28, 
1984 was one or the most destruct! ve in that area 
in recent history. Within a rour and one-halt 
hour period, a large supercell spawned the 
majority or over 20 tornadoes and downbursts that 
killed 59 people, injured approximately 1300 and 
lert more than 3000 homeless. Figure 1, based on 
Storm Data, shows the paths covered by the major 
-一''·,,，'＇tornado activity as well as associated deaths. 
Notice how the major tornado activity is confined 
to a long and near continuous corridor. 

Why did the outbreak evolve as it did? 
Although the supercell developed in eastern 
Alabama and moved through Georgia as an extremely 
intense thunderstorm, why did it wait until it was 
well into South Carolina before producing severe 
weather in the rorm or tornadoes and downburst 
act 1 v 1 t y? Why was the great majority or tornado 
and downburst activity confined to a narrow 
corr! dor out ot the same aupercell? Why did 
squall line activity south or the majo「 supercell 
wait until late in the day (in South Carolina) to 
rorm along the cold tront? Part or the answers to 
those questions will be addressed in the sections 
that rollow. In those sections it will be shown 
how satellite image and sounding data may be used 
to better understand the Carolina tornado outbreak 
or March 28, 1984. 

2. Conventional Meteorological Data (1200 GMT} 

Analysis or upper air and surface data ror 
12Z on March 28, 1984 confirmed what had been 
indicated by numerical guidance: meteorological 
parameters were coming together to support a major 
severe weather outbreak over the southeast United 
States. A strong 850 mb jet showed signiricant 
moisture being advected across the area. Winds 
veered with height with dry air moving into the 
region at 700 mb. Between 500 mb and 300 mb, a 
strong jet stream was diverging over the area. A 

Fig 1. Paths of 
activity and 

associated deaths. 

disorganized surface low in Kentucky and Tennessee 
had a cold front trailing southward through 
Mississippi. Supported by a weak short wave 
trough, thunderstorm activity which had moved 
through the southeast during the night was heading 
orr or the Carolina coast by the early morning. 
This earlier thunderstorm activity was to play a 
major role in the events that would occur over the 
next 12 hours. Indications were that a strong 
short wave would move rapidly rrom Texas across 
the area during the day. 

3. Satellite Data 

GOES-East visible and infrared imagery were 
available at nominal 15 minute intervals with 6. 7 
micron water vapor imagery replacing the infrared 
imagery at 1745 and 2345 GMT. The 15 minute 
interval imagery from GOES precluded operating 
that satell1 te in the VISSR Atmospheric Sounder 
(VAS) mode, therefore VAS data were not available. 
However, at approximately 2100 GMT a TIROS 
overpass (NOAA一7) provided satellite sounding data 
over the storm area at a resolution or 35 km. 
Both GOES and TIROS data sets are used in the 
sections that follow. 

4. Satellite Image Analysis 

The importance or prior convection in setting 
a stage tor tornadic storm activity has been known 
「or many years (Miller, 1972). That satellite 
data can detect such boundaries has also been 
recognized (Purdom, 1973, 1982): this was vividly 
demonstrated by weather developments over the 
southeast United States on March 28, 1984. 
Thunderstorm activity that had moved through the 
area during the early morning hours produced a 
well-detined boundary which extended westward rrom 
South Carolina across Georgia and into Alabama. 
Surrace temperatures and dewpoints in the air to 
the north or the boundary were several degrees 
cooler than in the air to its south. Figure 2 
shows how that discontinuity appeared in satellite 
imagery early in the day. This boundary moved 
slowly north-eastward during the day and by mid
afternoon, new convection which 「ormed along the 
boundary produced a "second generation" outflow 
region. This "second generation" boundary showed 
up strikingly in GOES imagery as a line or 
organized cumulus congest us clouds extending 
across South Carolina and into North Carolina, see 
Figure 3. Figure 4 is a mesoscale analysis based 
on conventional surface observations which 
conrirml'I the observations in the satellite 
imagery. 

The large storm in northeast Georgia (Figure 
3) lies at the junction o「 the boundary and a 
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Fig 2. GOES-East l km visible image tor 1330 GMT, 
28 March 1984. Arrows point to early 
boundary location. 

11 
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Fig 3. GOES-East l km visible and infrared image 
tor 2000 GMT, 28 March 198~ (top), and 
analysis or significant reatures (bottom). 

Fig 4. Hesoscale analysis for 2000 GMT, 28 March 
1984 based on altimeter. 

mesolow. That storm developed into a large 
supercell which tracked east-northeast along the 
boundary and produced most of the intense killer 
tornado activity during the day. It is 
interesting to note that strong convergence 
existed along the boundary. This can be seen by 
comparing the surface observations (below) at 
Columbia, SC at 2054 GMT, when that station was 
north or the boundary, and 2051 GMT when the 
boundary had moved to the north or Columbia. 

2054 GMT 
74~ 

PRESFR 

2151 GMT 
80- 801 

, pRESFR 

G30 

5. Satellite Sounding Analysis 

Why did the intense supercell wait until 1 t 
entered South Carolina to increase dramatically in 
intensity and become tornadic? Why did the squall 
line which formed to the south of the storm wait 
until the cold 「ront had moved into South Carolina 
to develop? Satellite sounding data helps provide 
part of the answer to those questions. 

At 2055 GMT the NOAA一 7 polar orbiting 
satellite passed over the Southeast United States. 
Figure 5 is a visible image over the south 
Atlantic States from that pass. Notice that much 
of the area in Georgia, South Carolina and North 
Carolina is free or thunderstorm activity. In 
those areas, the TIROS Operational Vertical 
Sounder provided good observations tor the 
production of soundings at a resolution or 35 km 
(single 「ield of view). Forty-one soundings were 
select! vely derived in the area with the help or 
Gary Wade or NESDIS Development Laboratory at the 
Universi·ty or Wisconsin using an algorithm 
developed by Smith and Zhou (1982). The areas 
chosen tor the soundings were mostly clear 「ields
of view, microwave data we~e not used because of 
their poorer resolution. Rather than treat the 
satellite sounding data as if they were data with 
high vertical resolution, bulk quantities were 
derived from the data. These included information 
such as mean mixing ratio in the lowest kilometer, 
positive buoyant energy, negative buoyant energy 
rrom the surface to the lifting condensation level 
and negative buoyant energy from the lifting 
condensation level to the level of free 
convection. 

Fig 5. ~OAA一7 l_~m vi~ible image for 2055 GMT, 28 
March 1984. 



Selected of those parameters* are shown in 
Figures 6, 7 and 8. Notice the di 「ferences shown 
in the TI ROS soundings in three regions: 1) the 
clear slot extending through southwest Georgia to 
the South Carolina border; 2) the cumulus cloud 
region immediately to the clear region's east 
which extends through southeast Georgia and well 
into central South Carolina, and 3) the region in 
South Carolina and North Carolina to the north or 
the outtlow boundary. In the negative buoyant 
energy field, noti'ce that the highest negative 
buoyant energies are round in North Carolina to 
the north or the outflow boundary. Dif「erences in 
negative buoyant energy fields are also seen 
between the air in Georgia versus that in the more 
central and southern parts of South Carolina. 
Taking into account that much or the air in the 
convective region has attained its li 「 ting
condensation level, allows replacement or the 
total negative buoyant energy values in the 
cumulus region with values of negative buoyant 
energy between the 11 「ting condensation level and 
the level or free convection. I 「 this is done, as 
in Figure 7, a marked difference between the 
amount of energy required to 11ft the air to free 
convection in central Georgia versus eastern 
Georgia and central and southern South Carolina is 
readily evident. Furthermore, 1 nspect 1 on or 
Figure 8, positive buoyant energy, reveals that 
the cumulus 「 illed air in eastern Georgia and 
central and southern South Carolina is much more 
suited for supporting intense convective act 1 vi t y 
than the air in the clear region in Georgia or 
that air which is to the north or the outflow 
boundary. Independent analyses of mesoscale 
airmass differences over the same area with TIROS 
sounding data by Hillger et al (1985) show similar 
results. Therefore one might surmise from 
information in the TIROS sounding data that: 
1) the air in eastern Georgia and central and 
southern South Carolina 1s much more accessible to 
forcing and tree convective development than air 
within the other parts or the image; and 2) that 
the air in eastern Georgia and central and 
southern South Carolina is much more suited to 
supporting intense convective activity than air in 
the other regions. This helps explain the 
intensification_ ~r the _storm _to tornadic ~nd 
downburst proportions as it moved into South 
Carolina, as well as the later development or the 
squall line to the south of the supercell. 

6. Other Satell 1 te Derived Information 

It is well known that vertical wind shear 
plays an important role in determining the 
character of storms that develop in a mesoscale 
environment (Newton, 1963). Measurements were 
made in which satellite derived cloud motions were 
computed relative to the supercell, in a manner 
similar to that proposed by Purdom, et al (1984). 
Figure 9 shows that relative flow field. It is 
interesting to note how closely the relative flow 
field in Figure 9 compares to that proposed by 
Browning (1964) for severe storms which travel to 
the right of the wind, and tornadic storm relative 
proximity soundings (Maddox, 1976). 

*It is the reeling or the author that at thi.s time 
the various parameters should be thought o「 in a 
relative sense rather than 1 n terms o 「 their

absolute values. 
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Fig 6. TIROS Negative Bouyant Energy (NBE). 
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Fig 7. As Fig 6 above, but with NBE between LCL 
and LFC in convective regions. 

PBE, Joules per kg. 

Fig 8. TIROS Positive Bouyant Energy. 



Fig 9. With respect to the supercell. Low (L), 
Middle (M), and High (H) cloud relative 
「low, plus anivl expansion. 

It is intormat1 ve to take the information in 
the storm relatively 「low field and combine it 
with the satellite sounding information trom the 
prev 1 ous sect 1 on. At the low levels the air 
reeding the supercell was the more convecti vely 
suited air in eastern Georgia and southern and 
central South Carolina. Figure 10 is a 6.7 圜1eron
channel image (middle level moisture) tor 
2345 GMT. Note the dry region immediately to the 
south or the large supercell. The flow relative 
to the supercell would have placed dry air at 
middle levels in juxtaposition with the storm. 
The interaction or convective storms with dry air 
at mid-levels 1s important in fueling intense 
downdratts and 「urther intensifying a storm. 

- ＾一 － - - ．「＇；；勺一: · :~,~
唧矗 ． - - • "'董．~ ·~~,－苾．、-·~~ 
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GOES-East mid-level water vapor image tor 
2345 GMT, 28 March 1984. Note the dark 
area (dry at mid-levels) adjacent to the 
southern side of the supercell. 

7. Conclusions 

Both satell 1 te image and sounding data are 
able to provide important information concerning 
the development or severe storms. This has been 
shown to be true tor the March 28, 19811 Carolina 
tornado outbreak. Satellite image data is able to 
provide important in 「 ormation on trigger 
鸝echanisms such as arc cloud lines, and flows 
relative to the storm in question. Satellite 
sounding data are able to provide information 
concerning the required forcing and potential 

storm intensity in the environment ahead of a 
developing storm. In the future it is hoped that 
VAS data and frequent interval GOES image data 
will be taken at the same time. If so, the 
energ~tics or the environment may be monitored at 
frequent intervals using the VAS data, while 
trigger mechanisms and flows relative to a storm 
may be monitored in using the satellite imagery. 
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Computer Systems for Research 
--一H 一--一＇＇＇＇＇＂ "' Working Group Summary 

N. Allen, Leader 

The Computer Systems for Research Group had very good discussions 

of current and near future needs and uses of computer systems. The 

following items reflect several areas where changes or additions to our 

computer systems should be made or considered. 

To resolve: Ingest configuration of new 11/750s when mode AAA 

comes up? 

a) One satellite into both systems? 

b) Multiple MDPs, small sector on 1 machine, large sector on 

another? 

c) Parallel system? 

Recommendation: Early acquisition of 2 MVAX workstations (August) for 

training/familiarization. 

Possible locations for MVAX workstations: 

1. Solar House 2 

2. CIRA 

3. Groundstation Comtal Room 

4. Room 301 一 Main Building 

5. Groundstation Staff Office 

Questions on user organization and maintenance of these systems since 

they will be shared. There will be - 3/5 users. 

Brubaker has a RAMTECH (umbus) system available. The system needs work. 

Has a color, single frame monitor. Weather lab could use? 
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Recommendations for next 6 months: 

a) What products will be routinely available? 

b) Scheduling of images? 

c) What will VAS collection be? 

d) Operational data flow for field projects? 

e) Realtime information/data available? 

Evolution of research systems needs to be more organized. Also, 

publicity on accomplishments, capabilities needs to be improved. 

Look into optical disk technology. Efficient mass storage/retrieval 

mechanism .is necessary particularly with the anticipated increased 

computational needs. 

Use existing equipment to best advantage. 

a) New students required to complete projects on OPTRONICS, 

Comtal, etc. to become familiar with operation? 

Publications, presentations and PR work need to be increased: 

NOTE: The RAMM Branch has a small expert system program running in 

the PC. 

In addition to these items, I am recommending that a Computer 

Systems Advisory Group be established in CIRA to meet at least monthly 

for the purpose of reviewing current and future needs for computer 
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resources in CIRA. This will include hardware, software and training, 

and other items related to this very important resource to CIRA's 

research programs. 

I would like to chair this group with representatives from NESDIS 

(Purdom), ISCCP (Campbell), and realtime Weather Lab (Pielke). This 

group would advise CIRA's director (Vonder Haar) on its findings and 

make formal recommendations and make assignments to those groups 

represented to complete action items as necessary. I believe that most 

action items would fall within the Earth Station and computer facility 

activities. 
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VAS 
一，一Small Group Summary 

A. Lipton, Leader 

MS! data may be useful in studying MCC development and 

organization. There are theories about how convection organizes into an 

MCC, and MS! data may provide an observational tool for evaluating the 

theories. Look at the theories, one by one, and consider how radiative 

observations could help in verification. 

Dwell sounding data could be used to monitor accumulation of 

moisture in sea-breeze circulations. Soundings might detect the 

combined effects of moisture convergence and moisture flux from the 

surface. Results could be compared with those from models. A critical 

issue is whether the satellite sensors can detect the shallow features 

of a sea breeze. 

We received the scan pattern of dwell sounding mode of VAS, and 

discussed retrieval resolution options. 

Don Hillger needs to modify his presentation of retrieved sounding 

profile. Currently, people get the impression that he has retrieved the 

depth of the mixed layer; but, in fact, he finds some information about 

the mixed layer but does not get an accurate estimate of its depth. The 

presentations should make this point clear. 

Use of VAS data from the CSU DRGS is being hampered by problems 

with ingest software and by delays in development of pre-processing 

software. Duane Whitcomb is needed full一time on this work. 
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Atmospheric Modeling 
Small Group Summary 
R.A. Pielke, Leader 

This brief report recommends several action items related to 

atmospheric modeling which should be addressed by CIRA. These are: 

1. CIRA needs to develop in-house mesoscale, synpotic and global 

circulation modeling capabilities. These tools would be used: 

a) to promote academic research instruction 

b) to permit more effective and accurate satellite, profiles, and 

data collection platform analyses 

c) to provide more effective forecast tools on the short range and 

over the mesoscale 

d) to supply more accurate interpretations of the global energy 

budget 

Modeling and observational collection of data should be inseparable 

tools if the most service is to be achieved from CIRA initiatives, CIRA 

showed this modeling should be an intergral component in the planned 

NOAA/NESDIS Mesoscale Satellite initiative outlined by Jim Purdom. 

Approach the CSU Administration to obtain block funding for academic 

research access to the 205 for these modeling tools. 

2. CIRA in-house computer capabilities and data access should be 

enhanced in two specific areas: 

a) the actual difficulty and costs of linking the Unifax recorder 

to the VAX network should be explored 

b) the NCAR plot packages should be routinely available on the VAX 

system. 
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3. CIRA should make known its activities and accomplishments through a 

regularly published newsletter. 
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~}:!q_rtrange Forecasting Including Severe Storms 
-一，·，·"＇＇＇(Mesosea1e and Severe Weather) 

Satellite Working Group Summary 
」 .Purdom, Leader 

What will be covered here is some of the current work at CIRA and 

also some of our future areas of interest. These two naturally tie 

together, especially when we look at their importance to the preparation 

of the 1988 NESDIS mesoscale satellite initiative that we will be 

participating in putting together. Concerning our present activities in 

mesoscale and their impacts I'd like to point out the importance of 

credibility. For our contracts and grants, we must stay on target and 

hit those targets. We must make sure that people know we come through 

on what we tell them we're going to do. I think we're developing an 

extremely good reputation in this area -- we need to keep working hard 

so that we keep our reputation intact. It makes getting into the future 

areas a lot easier when you have a good reputation behind you. In the 

future areas, there are three things that the working group looked at; 

one was technology, that is systems and software; second was science, 

specifically atmospheric science; and the third was something that we 

called a basic awareness of what's going on. Concerning this third 

area, you need to be in step with the community or else you'll have a 

lot harder time getting some of your ideas through. Staying in contact, 

or awareness of the scientific community, means you either know what 

other people are doing or you become a leader yourself so other fall in 

step with you. I think we want to try to become a leader so other 

people have an awareness and fall in step with us. 

When we talk about our current work at CIRA, let's take a look at 

where we've had impact. Let's see how work we've done feeds into 
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nowcasting and mesoscale and forecasting systems and then see how they 

relate to future areas of interest that we'll be working in. The first 

thing to point to is the work we've done on the arc cloud line 

boundaries and how they interact with other boundaries through 

intersections and the mergers. We started talking about boundaries 

several years ago, have continued to do quite a bit of work on them at 

CIRA, and will continue to work on them in the MIST and ~he SPACE 

program. No doubt, these programs will have a strong impact in the 

STORM program. Everybody that works in the mesoscale is now talking 

about what we've been talking about for the last 8 or 10 years. So 

everybody's catching up with us. The concept is being used at the NSSFC 

in Kansas City, it helped pinpoint the tornado area for the March 28, 

1984 outbreak, it's being used throughout PROFS and the NWS. That's one 

place we've had a very strong impact on mesoscale meteorology, and 

nowcasting or short range forecasting. 

We've been interacting with PROFS for several years. We were the 

first people to provide satellite data to PROFS. We were the first to 

provide satellite data from outside of normal National Weather Service 

channels to the National Weather Service Forecast Office in Denver. We 

have continued to work with PROFS on their uses of satellite data for 

nowcasting and integrating satellite data with other data sets for that 

purpose. PROFS will no doubt have a very important role to play in 

defining the experimental forecast centers that go onto the national 

STORM Program, so we have a vested interest in that interaction. 

The cloud relative flow that we're working on right now, although 

it's not being used widely, I would predict that in about the next three 

or four years people working in severe weather with satellite data will 
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all look at storms in a relative mode. The work that CIRA is doing in 

this area is the foundation that's going to lead us to being able to 

discern severe storm types: are we in a tornado environment according 

to the cumulus to cirrus level shear or are we in a heavy rain 

environment? Are we in an environment that is favorable for an MCC or a 

squall line? Just what type of storm environment are we in? There is a 

lot of potential here. 

Cloudy versus clear areas and the various things that lead to 

boundary layer forcing is something that we've been talking about for 

several years. Other people are now working with this concept, and 

there's been some modeling work in this area. It's a very important 

concept to understand as far as environmental evolution because your 

cloudy area in the morning can turn around and be your most convectively 

unstable area in the late afternoon, depending on when the cloud goes 

away. We don't know when the cloud's going to go away, so it's an 

obvious place to use a numerical model to help us understand that and 

the ensuing instability. 

VAS mesoscale environment, the definition of the mesoscale 

environment and it's evolution. Some of the work that we've been doing 

in this area with the PRE-STORM program, where we've actually produced 

VAS products on the IBM PC to help understand better where the 

convection will form and become more intense has been remarkable. I 

think the work that we're doing here will lead to how meteorologists 

will look at VAS data for mesoscale forecasting. 

Let's jump ahead to modeling. How do you use a model? Mesoscale 

modeling can help us as we move into these various areas that I just 

talked about - boundaries, cloud relative flow, cloudy clear or the VAS 
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retrieval. I think sometimes we tend to be a little too esoteric and 

not quite practical enough. It's nice to be able to have a satellite 

give you all the information you need, however, there's a lot of other 

data and information that can help lock down some of the boundary 

conditions needed to derive satellite soundings. That will radically 

change Roger Pielke's delta t over delta n. I think we're looking at a 

new type of iterative procedure here where one derives the VAS mesoscale 

environment and then goes into the model with that mesoscale 

environment. The model tells us to reinitialize and do the soundings in 

certain areas, then we go back and forth in an iterative procedure 

between the model and the VAS data and improve the sounding field. 

We also are doing work at CIRA using other data to better define 

the boundary layer, using the satellite infrared data and the various 

VAS channels along with SAO observations (regular surface observations) 

to help tie down that boundary layer temperature and moisture. When we 

get into the STORM program there are going to be airplanes sending back 

atmospheric state information as they fly through various mesoscale 

regions. These are other things we can u·se to help tie down VAS 

soundings and, again, get a better delta t over delta n. We should be 

keeping that very strongly in mind - do better soundings than anybody 

else has done through new ways of doing them. 

The thunderstorm IR cirrus shield behavior, with PRE-STORM by 

making histograms of the infrared data and looking at the behavior and 

the various temperature ranges of the cirrus shield in the convective 

system. They should have different signatures when the storms behave 

differently, we think, and we hope to be able to use something along 

this line to better understand MCC's, MCS's, squall lines, regular 
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thunderstorms or whatever. We want to look at a whole spectrum of cloud 

shield behavior and I think with the new power of the computer system 

we'll have, that will be a fairly easy thing to do. A lot of this work 

is not hard and there is a wealth of information, then knowledge, to be 

gained. 

Modeling: There are many uses for models to help us with the 

satellite data, or satellite data to help us with a model. First of 

all, the model is going to help us analyze the initial state. The model 

can help us interpret what we're seeing in the satellite imagery with 

DCP input, mesonet input, the VAS retrieval input again, going back to 

this iterative scheme I spoke of earlier. The idea of the mesoscale 

climatologies that John Weaver did over Colorado, that Jeff McQueen did 

over Florida, Margie Klitch did over the Dakotas - how can those fit 

into a model, how can we stratify the atmosphere and figure out how to 

better use these things in short range forecasting? This is extremely 

important. The idea of going back to some of the earlier CIRA/Air Force 

work with cloud cover and its advection and the changes in the 

atmosphere, again using a model should be considered. You can get into 

all sorts of ideas about plume dispersion, acid rain, cloud venting of 

materials up into the stratosphere or troposphere. This goes along with 

the model running with in situ observations, which I'll cover in just a 

minute. 

What we need are composite efforts. We need to start with 

satellite observations and in situ observations to understand the 

phenomena we see in the satellite data and then we model it to get even 

a better understanding of that phenomena. For example, some of the 

things we're doing right now: "What is an arc cloud line? What drives 
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its circulation? What are the nowcast implications of an arc cloud 

line?" There are a lot of phenomena that have had some very fine 

guessing done about them, however, the guessers have lacked the in situ 

observations to prove much of what they say. For example, you may be 

surprised but there are 竿 a lot of observations through comma clouds, 

yet an awful lot has been said about comma clouds. Severe storms and 

the cold V that we see in their anvil, we really don't know what causes 

it, or what its implications are as far as storm development. Cloudy 

versus clear and future convective development. We can model it, but we 

don't have the observations to prove that what we're modeling is exactly 

right._ Local circulations that develop, again, in situ observations are 

needed, and these in situ observations can be done in a variety of ways. 

When I say in situ, I mean things like a Doppler Lidar pulse going out 

being something much closer to in situ than the satellite observation, 

or a Doppler radar or an aircraft flying through the area or a surface 

mesonet station. There are a lot of things, in situ if you think of the 

Lidar pulse taking that observation then coming back. It's not really 

in situ, but it's another type of remote sensing data. 

The 6.7 micron signatures that we're seeing all the time and people 

are starting to claim this is a jet stream and that is something else. 

We need to get in and monitor those signatures directly so that we can 

understand what they really are. 

What are some areas that CIRA needs to continue its work on that 

are important for future development. Obviously, boundary layer 

definition for VAS soundings by using the temperatures and the moisture 

out of the boundary layer as well as the model output to tie down that 

lower layer and give you a better sounding than you could get otherwise. 

一 126-



At CIRA, we started out looking at combinations of satellite data and 

Doppler radar data. We did some good work in that area, then we backed 

off because of a lack of manpower to continue in that area. That's a 

very important region that we had to slow down in. [What kind of 

manpower?] Somebody to actually take the data, put it together, analyze 

it, try to understand what it meant that he was seeing~ scientific 

manpower. We will need a lot of scientific manpower to use all the 

resources we're going to have with the new system upgrade. Another area 

is the "short step" VAS energy field type of product where you don't go 

through the full retrieval, but you move more towards that first 

integral or whatever. 

Some other things that we need to look at. With GOES-Next we 

expect to have 10-bit visible data. The current GOES has 6-bit visible 

data, but we have 10-bit visible data from the TIROS satellite. What 

are we going to find out when we have the 10-bit visible data? We 

should investigate what we will see that we don't see now, so that we'll 

be prepared for GOES-Next. We're going to have other multi 一structural

image channels that we can look at with GOES-Next. What are we going to 

see from them? What should we expect? We need to start looking at that 

right now and not wait until the satellite's up and the data's already 

starting to come down. 

A very important area that I think we should get an answer out on 

very quickly is over sampling of the infrared signal. Now, that is 

something that started when we did our zoom and smoothing IR. We tried 

to replicate over sampling of an infrared signal to see if we could 

improve the resolution. The important thing here is that, if it is 

something viable to do, we may be able to impact the GOES-Next satellite 
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by telling them to sample the IR data at two or three times the 

frequency planned on now and get four or five times the information back 

out. So we need to look into that area. 

Another thing that is extremely important, the implications of 

this, five research scientists are needed. Mesoscale climatologies over 

different areas, over dynamic systems versus terrain force systems, over 

systems relative to the system, etc. The opportunities in here are 

unlimited. [Vonder Haar - We have two new scientists coming in, Gibson 

and Kelley, coming this summer. So we have two, two out of five. 」 This

area is just so exciting. We're able to go in and do mesoscale 

climatologies and the implications that it has for short range 

forecasting is beautiful. I think that we're way ahead of everybody 

else in something like this. 

The other thing we talked about was expert systems. Their 

resources and how are we going to use them. In a research and 

nowcasting/forecasting capability they're flexible, they're adaptive to 

different input and to different situations, but how do you use that 

expert system? You can use it in your research. If you have a 

hypothesis, you can have an expert system make decisions based on that 

hypothesis, then you can go through cases and suddenly it tells you 

"Hey, you're 80% reliable thing is down in the 10% range." So you go 

back and you start changing things. It will help guide your path 

through research, so it won't be like a ping pong ball but be more like 

a snake, zig-zagging toward a final solution. So I see expert systems 

as being very helpful in that. Another thing when we look toward the 

future - what do you put into the expert system, you put information 

from a model output, you put data, you put a man's analysis of a 
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satellite image - the things that maybe the expert system has told him 

it needs. You put composites of these mesoscale climatologies and it 

gives you out a list of best alternatives, perhaps, of what you need to 

look at today in the forecast system. These are the three out of 130 

things you better worry about. So you start worrying about those and 

you initialize a mesoscale model and then you reloop through the system 

and it tells you that you need to look at Greeley and Loveland, but Ft. 

Collins seems to be in the 10% area. Then you reloop as you get data 

and you continue to update. 

The VDUC system, the IBM PC system are really forerunners to some 

kind of a national system. Maybe we can teach these to talk to each 

other. Maybe we can teach one of the PC's to talk to the VAX cluster so 

that it can give us the data we need and we don't need to worry about a 

lot of extraneous information. Maybe we can strike off one of those 

scientists because the expert system does the work he would have to do. 

There's a lot of exciting things coming up that impact mesoscale 

and severe weather. Suppose all the information you use to make that 

forecast comes through an interactive system. Then the expert system 

could moni_tor the data you used as you went about making the decision. 

It may not be able to tell you what you thought when you did it, but if 

it watched you enough it will be able to see what data sets you used. 

You can then go back and analyze how you made your decision and see 

where you went right or wrong. Then, by doing that, help develop a 

better use of the expert/interactive system as a forecast tool. I think 

these systems have a lot of potential that I find very exciting. 

The idea of an awareness, I talked at the very beginning of the 

future as a combination of things - of technology, science and an 
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awareness. How do we maintain an awareness? You might ask yourself, 

how many places do we want to be the expert and how many places do we 

want to go out and get an expert to come in an help us for a limited 

amount of time. Obviously, one area of interaction is through the CIRA 

Visiting Scientists program. Others I know of through my work in NOAA 

at the NOAA labs in ERL. What are their experts like? Well, you've got 

the National Severe Storms Lab which has most of the dop.pler radar 

experts in the world. They have a VAX based system. You've got PROFS 

who are technology and forecast focusing type experts. They have a VAX 

based system. You have the Wave Propagation Lab which I call the new 

and innovative people. They're the ones that are a lot of fun to work 

with because they've got the Doppler Lidars and the Profilers. They've 

got all the new stuff, so they're a real good group to work with. How 

much do you want to work with them? What do you want to do with them? 

The Weather Research Program - they're thoughtists, that's what I call 

them, they kind of think about things and tell you how they think things 

ought to run, sometimes they're right, sometimes they're wrong. The 

Weather Modification Program Office is dead right now, but what's going 

to happen after two or three years of drought somewhere? They'll come 

back to life again. The STORM Program office, and I mean this 

seriously, we either be in or out. If we don't start being in right now 

and making our impacts with the people who are making the funding 

decisions, we can count ourselves in the out area. So we need to have a 

strong impact within the STORM Program office. It's to our best 

interest to stay in touch with other areas, National Severe Storm 

Forecast Center, NMC, National Hurricane Center, the NOVA Program (we 

work with now), the VAS Data Utilization Centers (VDUC's) (we're going 
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to be working with them). The VDUC's are really going to be forerunners 

of the interactive systems at the national centers. These are the 

national centers - NSSFC, NMC and NHC - all of them are going to have 

VDUC systems. We need to be working and telling these people how to use 

that data for nowcasting. 

The other thing that we must have is the bi-yearly _magazine, or 

newsletter. This has to be something we start putting out from CIRA. 

Something to catch the eye - it's got to say CSU in it. A lot of people 

have gotten us confused with our brothers down the road at CIRES. 
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Climate Studies --Small Group Summary 
D. Randel, Leader 

3 subjects: 1) ISCCP 

2) ERB-ERBE 

3) Future Climate Studies 

1. ISCCP: 

a) We have B1, B2, and B3 ISCCP data available. The usage of this 

set of data is not fully used yet. 

b) Since the department is redistributing the office space, the 

storage of ISCCP tapes is an immediate problem. 

c) Currently, the statistics of ISCCP produced includes 15-day 

background composite, maximum temperature albedo and minimum 

te~perature albedo, images, 40X40 grid (2 ．伊 x 2.5° spatial 

resolution) IR, and VIS histograms. 

d) The delay of ISCCP cloudiness tape is partially caused by the 

difficulty in calibrating GOES instruments. 

e) We are going to order the ISCCP "C"-tape (for cloudiness) when 

it is available. 

2. ERB-ERBE 

a) The comparison of ERB (NIMBUS-7) narrow band wide FOV of 

radiance, cloudiness and albedo can be done. 

b) The comparison of NIMBUS-7 cloud statistics with ISCCP 

cloudiness can be started when the software for reading NIMBUS-

7 cloud tape arrives. 

c) Possible extension of NIMBUS-6 data could provide another 

El Nino coverage to compare with 1982-83 El Nino event. 
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3. Future Research: 

a) Using satellite radiation budget only to determine 
dFret dx dIR - - -dAc dAc dAc 

1) Using climate models only. 

2) Combining satellite radiation budget and climate modelling. 

3) Analyzing the satellite radiation budget and satellite cloud 

measurements. (ISCCP+ ERB+ERBE) 

b) The topic of the next generation will be related to the ocean, 

hydrological studies after cloud problems. 
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Data Sources 
(vugraph) 

ISCCP CSU ➔ A,E, C(z) 

Nimbus ERB E,A,N, [CJ 

ER BE - E, A, N, [ C] 

ISCCP Global Product C 

CCM Output 
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Cloud Radiation Feedback 
(vugraph) 

1. Satellite Obs only 

f:. N/f:.f:. C from extremes 

2. Models - need better clouds 

3. GCM + Obs 

a) Check GCM for match with o 

b) Initialize model - adj. clouds 

4. Obs of radiation 

Obs of clouds 

Radiation drive circulation? 

1. Storage= Net-div F 

Assume !::. S=O 

A N=div A F 

2. !::. N imp~ct on dynamical model 

3. Diurnal 
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Radiation Theory and Observations 
Small Group Summary 

M. Wetzel, Leader 

1. Proposed field observational programs 

A. Marine stratocumulus. 

(1) Coincident measurements of cloud and MBL structure that 

controls extinction in spectral bands na~rowly centered 

at 0.53, 0.75, 0.83, 0.91, 1.05, 1.25, 1.6, and 2.1 µm. 

(ii) Input and comparison of above data to cloud radiation 

models which allow representation of horizontal and 

vertical inhomogeneties. 

(iii) Evaluate sensitivity of SCU cloud dynamics model of fine 

resolution to the parameterization of radiative flux 

(e.g. LWP, VP). 

(iv) Interpret available satellite imagery in near-infrared 

channels (CZCS, DMSP). 

B. Surface emissivity at 3.7 vs. 11µm. 

(i) Characterize emissivity for a variety of surface 

conditions. 

(ii) Improve method of using 3.7 and 11µm "windows". 

2. Satellite sounding above clouds. 

A. Current statistical procedure does not use physical cloud 

information. 

B. Better estimates of cloud-top pressure and optical 

depth/emissivity at various (sounding) wavelengths could 

contribute to sounding accuracy 
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3. Effects of pressure broadening on transmittance in the gaseous 

absorption channels used for satellite sounding. 

4. Future of satellite radiometry. 

A. Lidar (DMSP). 

B. Microwave scatterometer (NASA). 

c. Millimeter receiving antenna (Shuttle). 
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